A self-report measure of conflict and aspects of warmth in the parent-child relationship was completed by 1,330 11-year-old twins, 1,176 of whom completed the inventory again 3 years later. On average, adolescents' perceptions of the quality of the parent-child relationship declined consistently and moderately between age 11 and age 14. Conflict with parents increased, whereas all aspects of warmth decreased; changes were significantly greater for girls than boys. Variances increased with age, primarily because of increases in the magnitude of genetic effects. Heritability estimates ranged from .09 to .31 at intake and .35 to .45 at follow-up and tended to be higher for boys than girls. Changes in the parent-child relationship are interpreted as reflecting genotype-environment correlation processes whereby adolescents increasingly influence their relationships with their parents.
Although the traditional "storm and stress" model of adolescence can be rejected in favor of a more nuanced view that acknowledges the importance of individual differences (Arnett, 1999; Graber & Brooks-Gunn, 1996) , adolescence is still recognized as a developmental period characterized by profound psychological change and increasing levels of autonomy (Lerner et al., 1996) . Adolescence is also a time when the parent-child relationship is restructured even while stable features of the relationship established in childhood endure (Collins & Repinski, 1994) . Despite the importance of the adolescent transition and the parentchild relationship in developmental psychology, there have, unfortunately, been few published longitudinal studies that have investigated how and why the parent-child relationship changes during the transition to adolescence. In their recent meta-analysis of parenting studies, Holden and Miller (1999) identified only three longitudinal studies covering this transition. Similarly, a meta-analysis of parent-child conflict during adolescence included only two longitudinal studies along with a larger number of cross-sectional studies (Laursen, Coy, & Collins, 1998) . Much of our understanding of changes in the parent-child relationship during adolescence is, consequently, based on generalizations from cross-sectional studies, which has led several reviewers to identify longitudinal research on the parent-child relationship as a major need in the field (Holmbeck, 1996; Paikoff & Brooks-Gunn, 1991) .
Despite the paucity of longitudinal research, there is good reason to expect that the parent-child relationship does change during the adolescent transition. Adolescent assertion of independence not only is likely to lead to a renegotiation of parentally imposed restrictions governing, for example, curfew and dating, but is also likely to fundamentally affect the nature of the parent-adolescent relationship (Youniss & Smollar, 1985) . Increases in the expression of negative affect (Buchanan, Eccles, & Becker, 1992) and disinhibited behavior (Moffitt, 1993) are likely to further strain the relationships of at least some adolescents with their parents, resulting perhaps in greater conflict and emotional distance (Steinberg, 1987 (Steinberg, , 1990 ). The question is not so much whether the parent-child relationship changes in adolescence, but rather in what way, to what degree, and with what effect.
In their meta-analysis of a set of studies, Laursen et al. (1998) concluded that parent-child conflict decreased somewhat in frequency and increased only modestly in affective intensity during the transition from early to middle adolescence. Paikoff and Brooks-Gunn (1991) similarly concluded that puberty had a small effect on parent-child relationships. Recent longitudinal research suggests, however, that changes in the parent-child relationship during adolescence, and especially through middle adolescence, may be larger than implied by cross-sectional research. For example, Kim, Conger, and Lorenz (2001) reported that adolescent negative affect toward parents increased markedly from age 12 through age 15 but decreased thereafter. Similarly, in a large cross-sequential study that spanned ages 6 through 18 years, Loeber et al. (2000) reported that positive aspects of parenting decreased markedly through middle adolescence even though parent-child communication changed little with age. In the present study, we sought to add to the growing longitudinal database on the parent-child relationship by investigating changes in adolescents' perceptions of their relationships with their parents during the key transition from pre-to mid-adolescence.
A multifaceted approach is essential to gaining a comprehensive assessment of developmental stability and change. Alder and Scher (1994) distinguished two aspects of longitudinal stability. Absolute stability refers to the stability of mean levels over time. Relative stability refers to the stability of the rank ordering of individuals over time. To these we would add a third, the stability of variances. These three aspects of stability are, in principle, statistically independent. For example, parents may be consistently perceived as highly involved with their children relative to other parents (i.e., high relative stability) even though their average level of involvement may decline markedly (i.e., low absolute stability) and individual differences in parental involvement increase substantially (i.e., low variance stability) as their children age. We hypothesize that when all three aspects of change are considered simultaneously, the impact of the adolescent transition on the parentchild relationship will appear more substantial than suggested by earlier research that has typically focused on selected aspects of stability and change.
Behavioral Genetic Perspectives on Parenting
In addition to a lack of longitudinal investigations, reviewers have also identified a need for more research aimed at understanding the reasons why the parent-child relationship changes during adolescence (Holmbeck, 1996) . Behavioral genetic research on parenting provides a unique perspective on the origins of parenting and its impact on offspring functioning and may help to identify the processes underlying changes in the parent-child relationship during adolescence. There is now a consistent body of research showing that monozygotic (MZ) twins experience more similar parenting than do dizygotic (DZ) twins, implicating heritable influences on parenting behavior (Elkins, McGue, & Iacono, 1997; Reiss, Neiderhiser, Hetherington, & Plomin, 2000; Rowe, 1981 Rowe, , 1983 . Genetic influences appear to be most marked for measures of parental warmth and negativity (with heritability estimates of 25% to 40%), whereas measures of parental monitoring and control show less genetic influence. The finding of heritable influences on some aspects of parenting behavior has been interpreted by some as reflecting the existence of evocative genotypeenvironment correlational processes (Scarr & McCartney, 1983) whereby parent behavior is in part a reaction to offspring behavior and, to the extent that offspring behavior is genetically influenced, will be heritable. Elkins et al. (1997) hypothesized that active genotypeenvironment correlational processes may also contribute to an increase in the heritability of parenting measures during adolescence. As they grow older, adolescents exert increasing influence over their relationships, including those with their parents (Maccoby, 1992) . Without discounting the role parents have in defining the nature of their relationships with their children, it is clear that adolescents exert an influence on how much time they spend with their parents, the extent to which their parents are involved in and know about their lives outside the home, and the extent to which their relationships with parents are marked by conflict and negativity. That is, as the child ages, the parent-child relationship becomes more mutual and less hierarchical, providing the adolescent with an opportunity to also help define his or her relationship with the parents.
The increasing impact of both reactive and active genotypeenvironment correlational processes should lead adolescent MZ twins to have increasingly more similar relationships with their parents than adolescent DZ twins have with theirs. Elkins et al. (1997) tested this prediction by comparing the heritability of features of the parent-child relationship at age 11 with that at age 17 in a cross-sectional study of male twins. Consistent with expectations, the heritability of parent-child conflict, involvement, regard, and overall support was significantly greater at age 17 than at age 11. For example, the heritability of conflict with the mother was .30 at age 11 and .47 at age 17. The comparable heritability estimates for conflict with the father were .17 and .60, respectively. The Elkins et al. (1997) study is the only published study to explicitly test the hypothesis that genetic influences on parenting increase during adolescence, and it is limited by its cross-sectional design. In the present study, we sought to extend these findings by undertaking a longitudinal follow-up of the 11-year-old male cohort from the Elkins et al. (1997) study, adding to it a comparable longitudinal sample of female twins.
The Importance of Gender Although some researchers have investigated the impact of gender on parent-adolescent relationships, the role of gender in these relationships has drawn limited empirical attention and so is generally poorly understood. For example, in their meta-analysis of parenting studies, Holden and Miller (1999) concluded that there were too few studies that reported findings separately for girls and boys to permit reliable analyses. There are several reasons why gender might moderate changes in the parent-child relationship during adolescence. On average, girls undergo puberty earlier and are socially more advanced than boys (Ounsted & Taylor, 1972) , so if physical and social maturity drive changes in the parent-child relationship, one would expect to observe changes earlier in adolescence with girls than with boys. Alternatively, adolescence is associated with increased risk for mental health problems, although boys and girls tend to be at increased risk for different types of problems at different ages. Specifically, boys are at greater risk for a childhood onset of externalizing psychopathology, whereas girls are at greater risk for an adolescent onset of internalizing psychopathology (Crick & Zahn-Waxler, 2003; Rutter, Caspi, & Moos, 2003) . The well-documented association of externalizing psychopathology with parenting behavior (Rothbaum & Weisz, 1994 ) might lead to the expectation that boys might experience more conflictual relationships with their parents during childhood than might girls. Alternatively, the postpubertal emergence of gender differences in depression might lead to the expectation that girls will show greater increases in parent-child conflict than boys during the transition from pre-to midadolescence (Crick & Zahn-Waxler, 2003) . In any case, the lack of both empirical and theoretical work makes it difficult to formulate precise predictions on how gender would influence the parentadolescent relationship. Consequently, we focus on determining whether gender is important rather than why it might be important.
Goals of the Present Study
The present study is based on a sample of approximately 1,200 twins who completed a parent-child relationship questionnaire at two points in time: first, when they were approximately 11 years old and next, 3 years later, when they were approximately 14 years old. Analysis of these longitudinal data allowed us to address the following research questions:
1. To what extent does the parent-child relationship change, as opposed to remain stable, during the transition from pre-to mid-adolescence?
2. Does gender moderate change in the parent-child relationship over this period?
3. Do genetic contributions to measures of the parent-child relationship increase with age?
Method

Sample
The sample consisted of participants from the Minnesota Twin Family Study (MTFS). The MTFS is a longitudinal study of two cohorts (one approximately 11 years old and the other approximately 17 years old at intake) of like-sex adolescent twin pairs and their parents. Twin births were ascertained from Minnesota state birth records, and the current addresses of the families for over 90% of the twin births recorded were established using various public registries. Twins thus located were eligible to participate if they lived within a day's drive of our research laboratory in Minneapolis, had no physical or mental handicaps that precluded completion of the day-long intake assessment (e.g., mental retardation, deafness), and were living together with at least one of their biological parents at the time of the assessment. Participants received a modest financial incentive that varied somewhat in amount over the course of the study. Among eligible pairs, slightly less than 20% refused our invitation to participate in the study. Over 80% of nonparticipating families did, however, complete a brief telephone interview and/or mail survey. Analysis of the responses of nonparticipants revealed that although participating parents were on average somewhat better educated than nonparticipating parents (there was a mean difference of no more than 0.3 years of education), the two types of families did not differ significantly in self-reported mental health. The MTFS sample is thus broadly representative of families with twins born in Minnesota. As was typical in Minnesota for the birth years sampled, over 98% of both the male and female samples are Caucasian. Iacono, Carlson, Taylor, Elkins, and McGue (1999) provided a complete description of the sample selection procedures used in the MTFS, including an analysis of nonparticipants.
Because our focus is on longitudinal changes in the parent-child relationship, the sample used in the present report is based on the younger MTFS cohort, which completed the relationship questionnaire twice. At the time of their intake assessment, twins in the younger cohort, who for ease of presentation are designated as the 11-year-old cohort, ranged in age from 10 to 12 years (M ϭ 11.7 years, SD ϭ 0.43). The 11-year-old cohort consists of 752 individual male (376 pairs) and 760 individual female (380 pairs) twins. Twins completed the parent-child relationship questionnaire as part of their in-person assessment. If, for whatever reason, they were unable to complete the questionnaire during their visit, twins were asked to complete and return it by mail. A telephone prompt was used to encourage completion and return of the form. Completed questionnaires were received from 89% of the individual male twins and 97% of the individual female twins. The base sample for the present report consisted of the 312 male and 353 female twin pairs in which both members had completed the parent-child relationship questionnaire at intake.
To assess whether failure to complete the parent-child questionnaire resulted in a biased sample, we compared twins from pairs concordant for completing the parent-child questionnaire at intake (i.e., the 1,330 twins used in this study) with twins from pairs in which at least one member did not complete the questionnaire (i.e., the 184 twins not included in this study but who participated in the MTFS intake assessment) on mean number of externalizing symptoms at intake. Of the many variables assessed in the MTFS, we expected that symptoms of externalizing psychopathology would provide the most sensitive assessment of potential sampling bias because high levels of disinhibited behavior would likely make it more difficult for a child to complete a self-report questionnaire. Externalizing symptoms are also relevant to the issue of sampling bias because they are correlated (albeit moderately) with our measure of the parent-child relationship (Burt, McGue, Krueger, & Iacono, 2003) . Externalizing symptoms were obtained by clinical interview of both mothers and twins and equaled the total number of symptoms of attention-deficit/hyperactivity disorder, conduct disorder, and oppositional defiant disorder as defined in the revised third edition of the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 1987) . Details of the clinical assessment procedures are given in Iacono et al. (1999) . In a two-factor (Sex ϫ Sample) analysis of variance (ANOVA), the sex, F(1, 1510) ϭ 23.7, p Ͻ .001, and sample, F(1, 1510) ϭ 5.8, p ϭ .02, main effects were statistically significant, but the Sex ϫ Sample interaction was not, F(1, 1510) ϭ 0.2, p ϭ .65. The sex effect reflected a greater number of externalizing symptoms in boys than in girls. The sample main effect reflected the fact that twins in the present sample had an average of 0.21 SD fewer externalizing symptoms than twins not included in the base sample. Given the moderate correlation between externalizing psychopathology and measures of the parent-child relationship (Rothbaum & Weisz, 1994) , this significant difference suggests that the base sample only minimally underrepresents variance in aspects of the parent-child relationship relative to a fully representative sample.
An in-person follow-up assessment was scheduled approximately 3 years after intake. Assessment procedures at follow-up paralleled those used at intake. Among the 706 female twins in the base sample, 662 (94%) participated in a follow-up assessment approximately 3 years after intake (mean interval ϭ 3.0 years, SD ϭ 0.3), at which time 637 (96%) of these twins completed the parent-child questionnaire for a second time. Among the 624 male twins in the base sample, 573 (92%) participated at follow-up (mean interval ϭ 3.1 years, SD ϭ 0.3), and 539 (94%) of these completed the parent-child questionnaire at follow-up. We investigated whether loss at follow-up resulted in a biased sample by comparing the number of intake externalizing symptoms for those completing the parent-child questionnaire at follow-up with the number for those who did not, using a twofactor (Sex ϫ Participation) ANOVA. In this case, the sex main effect, F(1, 1326) ϭ 13.2, p Ͻ .001, was statistically significant, but both the participation main effect, F(1, 1326) ϭ 1.0, p ϭ .33, and the Participation ϫ Sex interaction effect, F(1, 1326) ϭ 1.2, p ϭ .28, were not.
Measures
Parent-child relationship. Characteristics of the parent-child relationship were assessed using the Parent Environment Questionnaire (PEQ) at both intake and follow-up. The PEQ is a 42-item self-report inventory that assesses five factorially derived aspects of the relationship of each parent-child dyad in the family (Elkins et al., 1997) : Conflict, Parent Involvement, Regard for Parent, Regard for Child, and Structure. Each item is answered on a 4-point scale (4 ϭ definitely false, 3 ϭ probably false, 2 ϭ probably true, and 1 ϭ definitely true). Elkins et al. (1997) provided a description of the development, theoretical rationale, and psychometric properties of the PEQ scales. Briefly, the PEQ was developed because the standard self-report measures of family climate available at the time the MTFS was started (e.g., the Family Environment Scale; Moos & Moos, 1986 ) typically sought to assess overall family climate rather than the specific dyadic relationships that exist within a family. The PEQ scales were organized around the two broad dimensions of parent-child relationships that have been found in previous research: nurturance/warmth versus conflict, and control (Schaefer, 1965) . The PEQ scales are predictive of externalizing psychopathology, both contemporaneously and prospectively (Burt et al., 2003) , and correlate significantly and in the expected direction with an alternative measure of the family environment (Elkins et al., 1997) .
The Conflict scale consists of 12 items (internal consistency reliability [␣] ϭ .82) that assess the extent to which the parent-child relationship is characterized by disagreement, tension, and anger (sample items include "My parent often criticizes me" and "My parent sometimes hits me in anger"). The Involvement scale consists of 12 items (␣ ϭ .74) that assess the extent to which the parent-child relationship is characterized by communication (e.g., "I talk about my concerns and my experiences with my parent"), closeness (e.g., "My parent and I do not do a lot of things together"), and support (e.g., "My parent comforts me when I am discouraged or have had a disappointment"). The Regard for Parent scale consists of 8 items (␣ ϭ .75) that assess the extent to which the child is proud of (e.g., "I am really proud of my parent") and respects (e.g., "I respect my parent) his or her parent. The Regard for Child scale consists of 5 items (␣ ϭ .69) that assess the extent to which the parent is perceived to have high regard for the child (e.g., "I know my parent loves me"). The Structure scale consists of 5 items (␣ ϭ .52) that assess the extent to which the parent sets rules and monitors offspring compliance (e.g., "My parent makes it clear what he or she wants me to do or not to do"). Because the Structure scale is the only marker of the control dimension and because it is only moderately reliable, it is not considered further here. In order to better assess aspects of control in the parent-child relationship, the MTFS has added assessment of parental monitoring (Stattin & Kerr, 2000) , although longitudinal data for this supplemental measure are not available for the present sample.
At each assessment, twins provided two sets of PEQ ratings, one to describe their relationship with their rearing mother and a second to describe their relationship with their rearing father. As in previous research based on self-report (Juang & Silbereisen, 1999) and direct observation (Baumrind, 1991; Kim et al., 2001 ), the mother-child and father-child ratings in the present study were highly correlated (all correlations exceeded .80). Consequently, in the analyses reported here, we have followed procedures used in other studies and have averaged the mother and father ratings provided by each twin to form a parent composite. In cases in which there was only one rearing parent, the twin's ratings for that single parent were used in place of the parent composite.
Zygosity. The zygosity of twin pairs was established at the intake assessment using a consensus procedure. Three separate estimates of zygosity were obtained, which were based on (a) parent report on a standard zygosity questionnaire, (b) an MTFS staff member evaluation of twin physical similarity that included hair and eye color and face and ear shape, and (c) an anthropometric estimate of pair differences in fingerprint ridge counts and ponderal and cephalic indexes. If these three estimates agreed, zygosity was assigned accordingly. If, however, there was any discrepancy among the three, serological confirmation was sought using a panel of DNA markers. We have shown that this method of zygosity determination is highly accurate .
Statistical Methods
Analysis of means. All statistical analyses were based on the sample of 1,330 twins from the 665 pairs in which both members completed the PEQ at intake. Robust estimates of scale means and standard deviations at follow-up were obtained using the expectation-maximization (EM) algorithm (Dempster, Laird, & Rubin, 1977) as implemented in SPSS for Windows (Version 11.01). In effect, the EM algorithm gives maximumlikelihood estimates for the relevant parameters, assuming a multivariate normal distribution and assuming unobserved data to be missing at random (Schafer, 1997) . Means on each of the four PEQ scales were compared statistically using a three-way repeated measures ANOVA. Each ANOVA included two between-subjects factors, sex (boys vs. girls) and zygosity (MZ vs. DZ), and one within-subject factor, time (intake vs. follow-up). Hierarchical linear methods were used to account for the correlated nature of the twin data. Specifically, ANOVAs were completed using PROC MIXED from SAS (Littell, Milliken, Stroup, & Wolfinger, 1996) .
Biometric analysis. Analysis of the longitudinal twin data was based on standard biometric methods of analysis (Neale & Cardon, 1992) . That is, we assumed that the total phenotypic variance for a given scale (P) could be decomposed into additive genetic (A), shared environmental (C), and nonshared environmental (E) components (i.e., P ϭ A ϩ C ϩ E). Shared environment refers to the effect of those environmental factors (e.g., rearing parents' social class) that the twins share regardless of their zygosity; nonshared environment refers to the effect of those environmental factors (e.g., distinct peer groups) that differ for the two members of a twin pair. Because MZ twins share 100% of additive genetic effects whereas DZ twins share only 50%, and because shared environmental effects are assumed to contribute equally to the similarity of the two types of twins, the three variance components (A, C, and E) can be estimated from the observed variances and covariances for the two types of twins. The rationale and empirical support for the assumptions that underlie application of the standard biometric model to twin data have been extensively discussed and justified elsewhere (Johnson, Krueger, Bouchard, & McGue, 2002; Kendler, Meyers, Prescott, & Neale, 2001; Pike, McGuire, Hetherington, Reiss, & Plomin, 1996; Plomin, DeFries, McClearn, & Rutter, 1997) . Nonetheless, we recognize that because we cannot directly establish the validity of these assumptions in the present application, the estimates of the variance components we report should be considered approximate.
Longitudinal biometric models were fit to PEQ scales both individually and in the aggregate using a single-factor model. Figure 1 provides a schematic representation of the biometric model fit separately to each of the four individual PEQ scales. The model specifies separate A, C, and E effects at the two assessments. Temporal stability is modeled in terms of longitudinal correlations in the additive genetic (r A ), shared environmental (r C ), and nonshared environmental (r E ) effects. This model allows us to (a) estimate the contribution of genetic and environmental effects at each time, (b) determine whether the magnitude of these contributions varies over time, and (c) estimate their temporal stability. Because Elkins et al. (1997) found that the four PEQ scales load highly on a common latent factor, we also fit to the twin data a model that assumes that the covariation among the four PEQ scales at a given assessment can be accounted for by a single latent factor (see Figure 2) . In this longitudinal factor model, genetic and environmental effects are incorporated both at the latent factor level and at the specific level. Longitudinal stability is modeled in terms of genetic and environmental correlations at the factor level and in terms of genetic and environmental correlations in the specific effects (for convenience the figure does not depict these residual longitudinal correlations).
Biometric models were fit to the EM-estimated twin variancecovariance matrices using the maximum-likelihood procedure implemented in the Mx software system (Neale, Boker, Xie, & Maes, 1999) . For Figure 1 . Longitudinal biometric model fit separately to each Parent Environment Questionnaire (PEQ) scale. Longitudinal stability is modeled in terms of the stability of additive genetic (r A ), shared environmental (r C ), and nonshared environmental effects (r E ). A ϭ additive genetic; C ϭ shared environmental; E ϭ nonshared environmental. Subscripts refer to assessment age (in years).
each PEQ scale as well as for the common factor model, analysis consisted of fitting a general model and two reduced models. In the general model, estimates of genetic and environmental parameters were allowed to vary across gender group and assessment (i.e., age 11 vs. age 14). The two reduced models involved constraining the genetic and environmental parameter estimates to be equal across gender group or across assessment.
Model fit was evaluated using (a) the chi-square goodness-of-fit test, (b) Akaike's information criterion (AIC; [ 2 Ϫ 2 df]), and (c) the root-meansquare error of approximation (RMSEA). The AIC is an information index that balances model fit ( 2 ) against parsimony (df). In a fully saturated model, where there are as many parameters as input statistics, AIC ϭ 0. Negative AICs correspond to models that improve on this saturated model, with those models having the most negative AICs being preferred. RMSEA indexes the extent to which the observed variance-covariance structure is recovered by the model. RMSEA values less than .08 are considered to indicate good model fit, whereas values less than .05 indicate excellent fit (McDonald, 1989) .
Results
Analysis of Means
Means and standard deviations for age and the four PEQ scales at intake and follow-up are given in Table 1 . Descriptive statistics for the PEQ scales were estimated using the EM algorithm to account for data missing at follow-up. The test of whether the unobserved data were missing completely at random was not significant, 2 (99) ϭ 90.8, p ϭ .71, indicating that the intake PEQ data for those missing at follow-up did not differ significantly from the intake PEQ data for those who completed the follow-up.
A summary of the repeated measures ANOVA of the individual PEQ scales is given in Table 2 . Because even trivial effects can be statistically significant in a sample as large as ours, ANOVA results are summarized not only in terms of level of significance but also in terms of 2 , the percentage of variance in the dependent variable accounted for by the main or interaction effect, and for main effects only, the standardized mean difference (d) between the two level means. The time effect was significant for all four scales. The standardized effect sizes associated with the time effect are generally moderate (ranging from .20 to .46 in absolute value), Figure 2 . Longitudinal biometric factor model fit simultaneously to the four Parent Environment Questionnaire scales. Longitudinal stability is modeled in terms of the stability of additive genetic (r A ), shared environmental (r C ), and nonshared environmental effects (r E ) at the factor level and the stability of the residual effects (e.g., specific A for Conflict at age 11 and Conflict at age 14). For ease of presentation, the correlations between the scale-specific effects are not depicted. A ϭ additive genetic; C ϭ shared environmental; E ϭ nonshared environmental; Con ϭ Conflict; Inv ϭ Parent Involvement; Rgp ϭ Regard for Parent, and Rgc ϭ Regard for Child; Fac ϭ single common factor. Subscripts refer to assessment age (in years). Note. N gives the number of individuals. All participants completed the PEQ at intake; means and standard deviations for PEQ scales at follow-up were estimated using the estimation-maximization algorithm to account for the effect of data missing at follow-up. Higher scores reflect more of the measured attribute.
and all reflect the fact that the perceived quality of the parentchild relationship is lower at follow-up than at intake (i.e., Conflict increased, whereas Involvement, Regard for Parent, and Regard for Child all decreased). The sex effect was also significant for all four scales, with female twins consistently rating the quality of their relationships with their parents higher than did male twins. In no case was the zygosity main effect significant, reflecting the absence of mean differences in MZ and DZ twins' ratings of their relationships with their parents. The interpretation of significant main effects is conditioned by the existence of several significant interaction effects. The Sex ϫ Time interaction effect was significant for all scales except Involvement. In each case, the interaction reflected greater deterioration in the parent-child relationship from intake to follow-up among girls than among boys. For example, the standardized mean increase in Conflict from age 11 to age 14 was .18 for boys and .42 for girls. The comparable standardized decreases in the Regard for Parent and Regard for Child scales were Ϫ.31 and Ϫ.02, respectively, for boys and Ϫ.49 and Ϫ.29, respectively, for girls. Because the perceived quality of the parent-child relationship decreased more in girls than in boys, the higher relationship quality reported by girls than by boys at age 11 is largely absent by age 14, when similar relationship quality is reported by both. The only other significant interaction is the Time ϫ Zygosity effect on the Regard for Parent scale. In this case, the decline from age 11 to age 14 was greater for DZ (d ϭ Ϫ.57) than for MZ (d ϭ Ϫ.31) twins. Given the failure to find other significant effects involving zygosity, however, it is difficult to judge the import of what appears to be an isolated result.
Scale Correlations Within and Between Assessments
Correlations among the PEQ scales at intake and follow-up and between the two assessments are given in Table 3 . Within a given assessment, the PEQ scales are strongly intercorrelated. The average scale intercorrelation is nearly .60 at intake and nearly .70 at follow-up, implicating the existence of a general warmth versus conflict factor, as noted earlier by Elkins et al. (1997) . The between-assessments correlations are more modest than the within-assessment correlations. The 3-year stability coefficients for the four PEQ scales ranged from .30 for the Regard for Child scale to .43 for both the Conflict and Involvement scales, indicating that less than 20% of the variance in individual PEQ scales is stable over time. Note. Correlations were estimated using the estimation-maximization algorithm to account for data missing at follow-up. Listwise N ϭ 1,026; pairwise N varies from 1,131 to 1,318, with a mean of 1,190. All correlations are significant at p Ͻ .001 (two-tailed).
Individual-Level Change: Combined Effects of Absolute and Relative Instability
Longitudinal analysis of the PEQ scales revealed moderate mean-level change, as reflected by standardized effect sizes less than .50 in absolute value, and moderate temporal stability, as reflected by retest correlations less than .50. To assess the combined effect of these two factors on change at the individual level, we computed a standardized measure of change for each of the four PEQ scales. Specifically, for each individual we computed the difference between her or his intake and follow-up scores after these scores had been standardized separately using the relevant intake means and standard deviations. Because of the existence of gender differences, standardization was undertaken separately in the male and female samples. We then classified those individuals whose Conflict scores increased from intake to follow-up by at least one standard deviation or whose Involvement, Regard for Parent, or Regard for Child scores decreased by at least one standard deviation as having experienced deterioration in those aspects of their relationships with their parents. Similarly, individuals whose Conflict scores declined by one or more standard deviations or whose Involvement, Regard for Parent, or Regard for Child scores increased by one standard deviation were classified as having experienced an improvement in these relationship characteristics. The remainder of the sample was classified as being stable. Although a one-standard-deviation threshold is admittedly somewhat arbitrary, mean-level changes as large as one standard deviation are widely considered to be large (Cohen, 1988) , and we reasoned that individual-level changes of this magnitude would likely be reflected in noticeable differences in the perceived quality of the parent-child relationship.
The percentages of boys and girls who perceived their relationship with their parents to have deteriorated, improved, or remained relatively stable between intake and follow-up for each PEQ scale are given in Table 4 . The table also reports the results of a statistical (chi-square) comparison of the male and female data on stability and change. Several features of the table are worth noting. First, for all scales, the majority of boys and girls viewed their relationship to have remained relatively stable (i.e., absolute change was less than one standard deviation). Second, a greater percentage of both girls and boys perceived that their relationship with their parents had deteriorated rather than improved between intake and follow-up. Finally, girls were significantly more likely to report deterioration on all scales than were boys, with approximately one third of girls but only one fourth of boys reporting deterioration in their relationship with their parents.
Twin Correlations
Maximum-likelihood estimates of the twin correlations for the PEQ scales at intake and follow-up are given in Table 5 separately for boys and girls as well as pooled over gender. Several general trends can be noted. First, in all except five cases, the MZ correlation exceeds the corresponding DZ correlation, although in several cases the magnitude of this difference is not large. Second, MZ-DZ differences in correlations appear in general to be larger for boys than for girls, suggesting corresponding differences in heritable effects. Third, for both boys and girls, MZ and DZ correlations tend to be higher at follow-up than at intake. Although the qualitative analysis of twin correlations can offer insights, use of biometric models is needed to investigate whether differences in correlations correspond to changes in the components of phenotypic variance over time.
Biometric Analysis
Three versions of the longitudinal biometric model given in Figure 1 were fit to the data: (a) the full longitudinal model, (b) a no-sex-differences model (i.e., the male ϭ female model), and (c) a no-age-differences model (i.e., the age 11 ϭ age 14 model). Fit statistics for these models are given in Table 6 . For all scales except Regard for Child, the full model fit the data well, as indicated by a negative AIC, a nonsignificant chi-square test, and an RMSEA Ͻ .08 (see Table 6 ). The general model did not fit the Regard for Child scale well because of heterogeneity of variance across the two members of the twin pair. As there is no a priori reason to expect variances to differ systematically across the two randomly designated members of a twin pair, we have elected to report results for the Regard for Child scale, but we recognize that these findings should be interpreted with caution, especially in those cases where they differ from results for other scales.
Support for the no-sex-differences model was mixed. For both Conflict and Involvement, the no-sex-differences model resulted in a nonsignificant increase in chi-square, 2 (9) ϭ 10.8, p ϭ .29 and 2 (9) ϭ 12.7, p ϭ .18, respectively, and fit the data better than did the full model, as indicated by a more negative AIC. For the Note. Improvement was defined as a positive change from intake to follow-up of at least one intake standard deviation; deterioration was defined as a one-standard-deviation change in the negative direction; and relative stability was defined as a change of less than one standard deviation in absolute value. Sample sizes vary from scale to scale because of skipped item responses. PEQ ϭ Parent Environment Questionnaire.
Regard for Parent and the Regard for Child scales, the full model was preferred according to the AIC, and the chi-square difference test comparing the no-sex-differences model with the full model was significant for both the Regard for Child scale, 2 (9) ϭ 48.9, p Ͻ .001, and the Regard for Parent scale, 2 (9) ϭ 24.7, p ϭ .003. For all four PEQ scales, the no-age-differences model fit the data more poorly than the full model. All of the tests of difference in chi-square comparing the full model with the no-age-differences .17 (Ϫ.06-.38) .38 (.26-.50) .38 (.22-.53) .38 (.29-.46) .30 (.17-.42) Note. Correlations were estimated using the estimation-maximization algorithm and assuming unobserved data were missing at random. Variancecovariance matrices do not differ significantly by gender, so pooled correlations provide efficient estimates of the common correlations. MZ ϭ monozygotic; DZ ϭ dizygotic. Note. In the full model, parameter estimates were allowed to vary as a function of both gender and age. The male ϭ female model constrained parameter estimates to be equal across genders, and the age 11 ϭ age 14 model constrained estimates to be equal across age. The best-fitting model for each scale or factor appears in boldface type. AIC ϭ Akaike's information criterion ( 2 Ϫ 2 df); RMSEA ϭ root-mean-square error of approximation.
model were significant at p Ͻ .001, and in every case the AIC was markedly larger in the reduced model than in the full model. Parameter estimates by gender (i.e., from the full model) and combined across gender (i.e., from the no-sex-differences model) are given in terms of raw variance components in Table 7 and standardized variance components in Table 8 . Although sex differences in parameter estimates were not statistically supported for two of the scales, we have provided separate male and female estimates for all scales to facilitate the identification of general trends. Estimates of raw variance components have been scaled so that the overall phenotypic variance is 100.0 at age 11. Several general trends can be noted from the findings presented in these tables. First, for every scale and in both genders, the phenotypic variance increased from age 11 to age 14, with the phenotypic variance increasing between 30% and 70% for most of the scales. Second, increases in phenotypic variance were due primarily to increases in the underlying genetic component of variance. The estimate of genetic variance was in every case larger, and often substantially larger (e.g., twice as large or more), at age 14 than at age 11. In contrast, estimates of nonshared environmental variance were generally stable from age 11 to age 14, whereas estimates of shared environmental variance tended to increase with age, albeit not to the same degree as increases in the genetic component of variance. Relative changes in underlying components of variance are reflected in heritability estimates that are generally larger at age 14 than at age 11 (see Table 8 ).
Although boys and girls showed the same consistent increase in genetic variance from age 11 to age 14, estimates of the genetic component of variance-and as a consequence, heritability-were consistently smaller in girls than in boys, even for those scales for which the full model did not fit statistically better than the no-sexdifferences model. Finally, estimated correlations indicate that genetic factors were highly overlapping, whereas nonshared environmental correlations factors were largely distinct, between the two ages. Estimates of the shared environmental correlation were highly variable, which is to be expected given the relatively small proportion of variance accounted for by shared environmental effects.
Prior to fitting the common factor model, we fit a general Cholesky model to the combined PEQ scales. The biometric version of the Cholesky model places limited constraints on the MZ and DZ variance-covariance matrices by imposing intraclass structure (e.g., phenotypic variance is homogeneous across twins) and symmetry (e.g., the within-person phenotypic correlation between any two scales is homogeneous across twins), and so it provides a base model against which the fit of the more constrained common factor model can be judged (Neale & Cardon, 1992) . The fit of the Cholesky model was adequate, 2 (328) ϭ 560.2, p Ͻ .001, AIC ϭ Ϫ95.8, RMSEA ϭ .07, although the full factor model fit the data better, as indicated by a more negative AIC (Ϫ154.9). Equating genetic and environmental contributions to factor variance and covariance to be equal across gender resulted in a nonsignificant chi-square difference test, 2 (9) ϭ 10.6, p ϭ .30, and a better-fitting model according to the AIC (Ϫ162.2). As with the individual PEQ scales, constraining genetic and environmental contributions to factor variance to be equal across age resulted in a more poorly fitting model according to both the AIC (Ϫ131.2) and a chi-square difference test, 2 (6) ϭ 35.7, p Ͻ .001. Note. Variance estimates have been scaled so that total phenotypic variance is equal to 100 at the age 11 assessment. A ϭ additive genetic component of variance; C ϭ shared environmental; E ϭ nonshared environmental; P ϭ total phenotypic variance; r A ϭ additive genetic correlation between age 11 and age 14 assessments; r C ϭ shared environmental correlation; r E ϭ nonshared environmental correlation; AIC ϭ Akaike's information criterion; RMSEA ϭ root-mean-square error of approximation.
Parameter estimates for the common factor model are given in Table 7 (raw variance component estimates) and Table 8 (standardized estimates). As was the case with the individual PEQ scales, factor variance increased markedly from intake to followup, with the genetic component of variance being the major source of this increase.
Discussion
The present study was undertaken to address the need for longitudinal research on the parent-child relationship during the critical developmental transition from pre-to mid-adolescence (Holmbeck, 1996) . Specifically, we undertook a longitudinal investigation of perceptions of the parent-child relationship between age 11 and age 14 in a sample of more than 1,300 individual twins and found (a) moderate changes in adolescent perceptions of the parent-child relationship, (b) increases in phenotypic variance in each of the relationship scales that were due primarily to increases in the estimated genetic component of variance, and (c) evidence of gender differences in the stability of perceptions of the parentchild relationship. The significance of each of these findings is discussed in turn.
Stability and Change in the Parent-Child Relationship in Adolescence
Stability and change in psychological functioning are multifaceted. Change may be reflected by longitudinal shifts in the average response level; it may also be reflected by changes in scale variance and changes in the rank ordering of individuals over time. Previous research has focused primarily on mean-level stability, leading to the conclusion that the parent-child relationship is generally stable during the transition to adolescence (e.g., Laursen et al., 1998) . By investigating all three aspects of longitudinal change, we have found consistent evidence for moderate changes in features of the parent-child relationship.
The means for all four PEQ scales changed significantly from age 11 to age 14, with the directions of change all indicating declines in the perceived quality of the parent-child relationship. That is, compared with their age 11 ratings, 14-year-old adolescents perceived greater parent-child conflict, less parental involvement in their lives, less positive regard for their parents, and that their parents had less positive regard for them. Although the direction of change across scales was consistent, the magnitude of change was generally moderate. Standardized effect sizes ranged Note. The combined model constrains parameter estimates to be equal in the male and female samples. a 2 ϭ proportion of phenotypic variance due to additive genetic effects; c 2 ϭ proportion of phenotypic variance due to shared environmental effects; e 2 ϭ proportion of phenotypic variance due to nonshared environmental effects.
in absolute value from .20 for parent-child conflict to .46 for regard for parent. These findings are generally consistent with other longitudinal research in indicating that the perceived quality of the parent-child relationship declines on average through at least mid-adolescence (Loeber et al., 2000) .
The 3-year stability correlations for the PEQ scales generally fell in the range from .30 to .40. These values are somewhat lower than but nonetheless consistent with stability coefficients reported over shorter intervals by other investigators. For example, Loeber et al. (2000) reported 1-year stability coefficients for composite mother-child ratings of family interaction in the range from .50 to .60 in a sample of mid-adolescent boys, whereas Vuchinich, Bank, and Patterson (1992) reported 2-year stability coefficients ranging from .50 to .60 for observation-based measures of parental disciplinary practices in a sample of preadolescent boys. In any case, these studies indicate that the rank ordering of individuals changed markedly over time; a stability correlation of .40 means that only 16% of the variance at follow-up is predictable from intake. Thus, a good (or bad) parent-child relationship in preadolescence does not necessarily portend a similar relationship in middle adolescence. Moreover, the low temporal stability of measures of the parent-child relationship underscores the need for longitudinal assessment. A single assessment might not adequately account for the cumulative impact of parenting on adolescent outcomes.
In addition to low temporal stability and moderate changes in means, we also observed moderate increases in variance between ages 11 and 14. The common (across gender) estimates of PEQ scale variances were from 33% to 70% higher at age 14 than at age 11. These age-related increases in individual differences indicate that more 14-year-olds than 11-year-olds can be expected to exceed a fixed threshold for poor parent-child relations even in the absence of mean-level changes. When change in means, variances, and individual differences were considered simultaneously, we found that for each aspect of the parent-adolescent relationship assessed by the PEQ, approximately 20%-30% of adolescents perceived marked deterioration (more than one standard deviation) between age 11 and age 14, approximately 10% perceived marked improvement, and the remaining 55%-70% perceived relative stability. These data support the proposition that the parent-child relationship is developmentally stable for most adolescents and actually improves for a small minority of adolescents (Steinberg, 2001) . These data also indicate that a sizable minority of adolescents experience marked deterioration in their relationships with their parents. In future research it will be important to determine why the relationships some adolescents have with their parents are perceived to deteriorate with age, whether these perceived declines are prognostic of broader mental health problems, and whether these declines are temporary or reflect a long-term restructuring of the parent-adolescent relationship.
Genetic Contributions to Perceptions of the Parent-Adolescent Relationship
The present study not only replicates earlier behavioral genetic research by showing that parenting measures are in part heritable but also extends that research by showing that the magnitude of genetic influences on parenting measures increases from age 11 to age 14. Most of the increase in phenotypic variance we observed could be attributed to increases in genetic and not environmental variance. In most cases, the genetic component of variance more than doubled from age 11 to age 14; in relative terms, the contribution of genetic factors, or heritability, increased from approximately 10% to 30% at age 11 to approximately 35% to 45% at age 14.
The increase in heritability does not appear to be due to decreasing measurement error from age 11 to age 14. In univariate biometric analysis of twin data, measurement error is included in the nonshared environmental component of variance. In the present study, estimates of the nonshared environment were constant over time, rather than decreasing as would be expected if measurement error were greater at age 11. Moreover, the same pattern of increasing heritability was observed at the latent factor level, where measurement error has been completely removed.
These findings are consistent with the growing research literature on the developmental interplay of genetic and environmental influences (Rutter & Silberg, 2002) . Bell (1968) emphasized the importance of bidirectional effects-that parents can both influence (parent effects) and be influenced by (child effects) their children's behavior. But the relative strength of parent and child effects may shift over development (Scarr & McCartney, 1983) . Parental influences are likely to be strongest early in development, when parents are able to exert relatively direct control over many aspects of their children's physical and social environments. As the child grows older and gains autonomy, however, she or he will be able to exert increasing control over experiential choices. An adolescent has much more influence over the environment she or he experiences than does a preschooler or a preadolescent. Scarr and McCartney (1983) hypothesized that the individual's increasing ability to exert influence over her or his environment, either indirectly through the reactions her or his behavior elicits from others or directly through the experiential choices she or he makes, underlies the observation that the predictability of phenotype from genotype (i.e., the heritability) of several psychological characteristics also increases with age. The heritability of intelligence (McGue, Bouchard, Iacono, & Lykken, 1993; Plomin, Fulker, Corley, & DeFries, 1997) , of some aspects of personality (McGue, Bacon, & Lykken, 1993) , of social attitudes (Eaves et al., 1997) , and of religiousness (Koenig, McGue, Krueger, & Bouchard, 2005 ) all appear to increase with age. Our finding of increasing genetic effects on aspects of the parent-child relationship further raises the possibility that these increases in heritability reflect gene-environment correlational processes. That is, developmental increases in autonomy result in genetically similar individuals experiencing increasingly more similar environments, which in turn reinforces or amplifies the phenotypic expression of original heritable differences. Under this scenario, developmental increases in heritability may actually reflect environmental mediation through the cumulative effects of gene-environment correlational processes. Although the literature is limited, longitudinal behavioral genetic research supports the existence of reciprocal gene-environment effects over development (Burt, McGue, Krueger, & Iacono, 2005; Ge et al., 1996; O'Connor, DeaterDeckard, Fulker, Rutter, & Plomin, 1998) . Genetically informative longitudinal research designs will be needed to further explore the complex relationship of genetic and environmental effects (Rutter, Pickles, Murray, & Eaves, 2001 ).
Although we interpret the finding of age-related increases in the genetic component of variance in the parent-child relationship scales as consistent with a gene-environment correlation hypothesis, it is important to recognize that other explanations are possible. Most notably, because our research focuses on adolescent perceptions rather than on directly observed parenting behavior, an increase in heritability may partly reflect increasing genetic effects on how individuals process and interpret the behavior of their parents rather than an increasing genetic effect on actual parental behavior. Krueger, Markon, and Bouchard (2003) have argued that ratings of the family environment, and indeed the way in which individuals actually interpret the behavior of others, are heritable because they are influenced by heritable personality factors. However, much of the relevant research, consistent with Krueger et al.'s proposition, is based on adults' retrospective reports of their childhood family environments, for which the effect of personality on subjective interpretation for recalled events may be maximized. In any case, we agree that personality may help account for the heritable nature of parenting effects and believe it is important to determine whether the association of personality and parenting rating reflects evocative gene-environment correlational processes or an effect of personality on how the behavior of others is recalled and interpreted.
Gender Differences
We found that gender moderated changes over time for three of the PEQ scales, Conflict, Regard for Parent, and Regard for Child. Previous longitudinal studies of parenting of adolescents have been based either on boys only (e.g., Loeber et al., 2000; Vuchinich et al., 1992) or on samples that were not sufficiently large to permit reliable detection of gender interactions. Consequently, relatively little is known about whether gender moderates changes in parenting behavior during adolescence. Although these interactions accounted for a relatively small percentage of variance (in each case Ͻ 2%), they are of clear theoretical significance, and the form of the Gender ϫ Time interaction in the present study was the same for all three scales-gender differences that were moderate at age 11 had all but disappeared by age 14. At intake, on average, girls scored 0.22 SD higher on Regard for Parent, 0.35 SD higher on Regard for Child, and 0.47 SD lower on Conflict than did boys. At follow-up, the three standardized effect sizes were .00, .06, and Ϫ.13, respectively. Only with the Parent Involvement scale did we not find a significant Gender ϫ Time interaction; on this scale, girls scored about 0.25 SD higher than boys at both intake and follow-up.
Our observation that gender differences in PEQ scores at age 11 have largely disappeared by age 14 is clearly inconsistent with gender intensification theory, which posits that gender differences become more pronounced after puberty than before puberty (Hill & Lynch, 1983) . Support for gender intensification theory has, however, been variable, and some researchers have argued that a single developmental pattern may not characterize gender differences in all psychological domains (McHale, Shanahan, Updegraff, Crouter, & Booth, 2004) . From this latter perspective, our findings suggest that the effect of puberty may be to diminish rather than to amplify gender differences in parent-child relationships, at least through mid-adolescence. Several factors may contribute to this observation. A meta-analysis of differential parental treatment of boys and girls found that gender differences in parental socialization practices declined with child age (Lytton & Romney, 1991) . Although this meta-analysis is primarily based on studies of preadolescents or young children, it is clearly consistent with our longitudinal findings and suggests that the gender effect we observed may be due to parents being less likely to treat sons and daughters differently as their children get older. Alternatively, the gender interaction may reflect a developmental lag in the onset of behaviors that negatively affect parent-offspring relationships. Specifically, a childhood onset of antisocial behavior is much more likely to occur in boys than in girls, whereas an adolescent onset of such behavior is more typical of girls (Moffitt, Caspi, Rutter, & Silva, 2001) . If declines in the perceived quality of the parentchild relationship are owing primarily to a subset of offspring with externalizing psychopathology, then we would expect that the declines in relationships with parents would have begun by age 11 in boys but by some age after that in girls. Finally, postpubertal differences in depression may be contributing to the Gender ϫ Time interaction effect. In addition to mean-level differences, we also found gender differences in estimates of biometric components of variance. Although the difference was not always statistically significant, genetic factors were found to be consistently less important in the perceptions of girls than in those of boys. For example, the common PEQ factor was substantially more heritable among boys than among girls at both age 11 (.44 vs. .15) and age 14 (.60 vs. .30). Conversely, shared environmental factors accounted for more of the common factor variance for girls than for boys at both age 11 (.34 vs. .10) and age 14 (.34 vs. .04). Although not consistently observed, there is evidence that other behavioral phenotypes relating to externalizing psychopathology also show greater heritability in boys than girls (Han, McGue, & Iacono, 1999; McGue, Iacono, Legrand, & Elkins, 2001) , which implies that environmental factors play a greater role in certain aspects of the adjustment of adolescent girls than in the adjustment of adolescent boys. It nonetheless remains unclear why behavioral traits would be less heritable in girls. Our related finding of a sex difference in the magnitude of shared environmental effects does suggest that parents may be more consistent in the way they socialize their daughters than in the way they socialize their sons, which could have contributed to heritability differences in other studies.
Limitations
Findings from the present study should be interpreted within the context of several research limitations. Our assessment of the parent-child relationship is based on adolescent self-report and not on direct observation. Self-report measures of parenting are typically only modestly correlated with measures based on direct observation (Holden & Edwards, 1989) , and the two assessment approaches can yield disparate findings (Rothbaum & Weisz, 1994) . Adolescent perceptions do, however, offer distinct advantages over alternatives. The impact of parenting on adolescent adjustment is likely to be mediated by how adolescents perceive their parents (Neiderhiser, Pike, Hetherington, & Reiss, 1998; Powers, Welsh, & Wright, 1994) , and there is substantial support for the reliability and predictive utility of adolescent ratings of the parent-child relationship (Metzler, Biglan, Ary, & Li, 1998) . A second limitation concerns the nature of the sample. Although generally representative of twins born in Minnesota for the birth years sampled, twins from Minnesota are not necessarily repre-sentative of the U.S. population. In particular, our sample is much more ethnically homogeneous than a representative U.S. sample would be.
Conclusions
From adolescent ratings of features of their relationships with their parents in a large sample of twins assessed at age 11 and age 14, we found (a) that, on average, perceptions of the quality of the parent-child relationship declined moderately but consistently from age 11 to age 14; (b) that this perceived deterioration in the quality of the parent-child relationship was greater for girls than for boys; (c) that parent-child ratings were only moderately correlated over the 3-year interval, indicating that there are marked individual differences in change in the parent-child relationship during the transition from childhood to adolescence; and (d) that increasing variance in ratings of the parent-child relationship over time was primarily due to the increasing importance of genetic factors. These findings underscore the existence of change in the parent-child relationship during adolescence and implicate genetic factors as one possible source for that change.
